LBL-10690, J—
FEB-BEAG-80-1%

UNIVERSITY OF CALIFORNIA

MANUAL FOR UNIX USERS

PLOT: A UNIX PROGRAM FOR INCLUDING GRAPHICS IN DOCUMENTS

Pavel Curtis

April 1980

TWO-WEEK 1oAN COpy

Thl.s Is a Library Circulating Copy
which may pe borrowed for two week
For a personaf retention copy, calf )
Tech. Info. Division, Ext. 6782,)

[aF sl = | 2
_ LAWRENOE
ERKEL Y LABORAYORY

i s o4 £ ogm 5 (&%}
!{%

LiBrRARY AN ;
MENTS SECT e
L

§

@

3

Prepared for the U.S. Department of Energy under Contract W-7405-ENG-48



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, cxpress or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



LBL~10690
EEB-BEAG-80-1

Plot: éaUNIX? Program for Imcluding Graphics in Documents

Pavel Curtis
Building Energy Apnalysis Group
Lawrence Berkeley Laboratory
Apvdl 2, 1980

e

UNIX is a Trademark of Bell Laboratories.






Plot: é’UNZX% Program for Including Graphics in Documents

Pavel Curtis
Bullding Enevgy Analysis Group
Lawrence Berkeley Laboratory
April 2, 1980

ABSTRACT

Plot is a preprocessor to the document formatting program, unroff,
which makes 1t possible to include many kinds of plots, graphs, and
drawings in a document directly, thereby eliminating the mnecessity, im
many cases, for having such illustrations done externally. One also
avoids the messy procedure of making sure that nroff leaves enough room
for these externally-done plots, pasting it down and possibly unpasting
it to move it elsewhere in the document.

Instructions to plot are in s simple, easy-to-read graphics language
designed specifically for this application. If desired, the user has
complete control over the size, positioning, range and content of the
plote. 1f a great deal of specificity is not required, plot provides
reagsonable defaults for most parameters, thereby decreasing the number
of required input statements. Plois are made using the full capabili-
ties of the target terminal to a greater extent than nroff has done
before. This abdlity, however, limits it to use on certain hardcopy
terninalse

TUNIX is a Traéemarkzof Bell Laboratories.
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Lo INTRODUCTION

I, INTRODUCTION

Plot translates a simple description of a plot into a complex set of
instructions to nroff and the target terminal to produce that plote.
Only those portions of the input document which are intended as plot
descriptions are looked at and changed by the plot program; all of the
rest of the document is transparently passed through. Thus, plot is
usable in a pipeline along with ¢tbl and neqn. NOTE, however, that
because of an algorithms employed in the plet program, plot must be the
first member of any such pilpeline. Tno format a document containing
input for both nroff and plot, therefore, a command like the following
should be used:

plot filename | neqn | tbl | uroff
The syntax of a plot command from UNIX is as follows:
plot [-s] [~T<terminal>] file o=

The =g option is used when using the plot program on files which
should not be formatted by nroff. This is primarily intended for those
times when only & plot 1s being run, but can be used anytime nroff for-
matting 1s not desired. NOTE that when the =g option 1s in effect, the
"oPS" and ".PEY lines (see below) will not be printed. When the -s
option d1s wused, 1t is not necessary to pipe the output through any of
neqn, thl or nroff. A command like the following will suffice:

plot =g f£ilename

The =T option is used to specify output for a terminal other than
the ai832, which dis the default. The only other terminal currently
avallable is the dtc382. Output for the dtc is requested with the com-
mand

Pl@t wTdtC fi.};@ e e e

For plot to work, an aj832 must be equipped with Ultraplot mode and
a dte382 with Superplot mode. 1f you are unsure as to whether your ter-
minal is so equipped, vou should consult the service representative
associated with your terminale.

At the present time, mroff must be called with one of these two
forms:

When using an aj832: nroff =~Tnewaj -meeb
When using a dte382: nroff «T382cw-12 -meeb

The ‘newaj’ and ‘382cw-~12° drivers are the only ones currently on the
BKY UNIX system which are usable with the plot program. Garbage output
is guaranteed with any other driver in use.



I. INTRODUCTION

The -meeb macro-package 1s currently the only package which contains
definitions of the ".P8" and ".PE"” macros. If you would like to obtain
copies of these definitions to add them to another macro-set, address
mail to login-name ‘beag’. The -meeb macro-package is, for the most
part, upwardly-compatible with the -ms macro-~package and most things
that van with -ms before, should also run with -meeb. Report any prob-
lems to login-name ‘heag’.

A plot description in a document must be bounded by ".P8" (Plot
Start) amnd ".PE" (Plot End) macros. Plot processes the intervening
instructions but leaves the rest of the document unchanged.

The syntax of the ".PS8" command is as follows:
PS5 <x-width> <y=length> [<indent>]

where <x-width> and <y-length> are the desired dimensions of the logical
view surface” in Inches, and <indent> is an optional parameter specify-
ing the indentation of the plot in inches from the current indent. If
an <indent> is given and/or the <x-width> is longer than the current
line-length, no checking or truncation is performed. If an <indent> is
not given, the plot will be centered in the currently remaining line-
lengthe.

NOTE that while <indent> may be given as a number register, both <z-
width> and <y-~length> must be literally, numbers (although not neces-
sarily integers).

The only other nroff command which may be used between the ".P5" and

"oPE" commands is ".s0":

os0 <filename> Indicates that said file’s contents are to be
read and inserted at this point in the input.
This is primarily used for wmodularity and to
simplify the task of specifying several simi-
lar or identical plotse.
NOTE that it i1s an error to end a plot descrip-
tion inside a .so’ed file. A " PE" may only
occur within the original file.
NOTE that a .80 may not appear in the middle of
a set or function definition.
As many .s0’s as desired may appear in a plot
description. They may also be nested up to five
deeps

*The terms ‘logical view surface’ and “viewport’ are used in this docu~
ment with the same meanings as in the GRAFPAC graphics system. Defini-
tions and illustrations appear in the description of the viewport state-
ment in Section II.B.
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Within the bounds of a ".PS"-".PE" pair, there are three main sections:

1

2)

3)

The Azes Definition Section ~ This 1s the place where the ranges

of the x and y coordinate axes, the methods of marking and label~
ing the axes, etc. are to be specified.

The Data Definition Section — This is the area in which data~

point-sets and functions are describede.

The Drawing Section — Wherein 4t 1is specified which of the

above~defined objects are to plotted, in which plot-mode, and with
which character or style of line. Also, any text which is to be
printed on the plot is herein mentioned-



IT. THE AXES DEFINITION SECTION

ITe THE AXES DEFINITION SECTION

I1.As The range statement

The range of % and y values for which a plot will be produced may be
specified using the range statement. The syntax is as follows:

range [x=xl:xZ2] [y=yliy2]

Examples: range x=-500:500 y==10:10
vange ®=500:-500 y=-10:10
range y=-10310

The first example states that the x axils should extend from =500 on
the left to 500 oo the right. Similarly, the vy axis will extend from
=10 at the bottom of the plot to 10 at the top.

If, as in the second example, the ranges for an axis are in reverse
numerical ovder, then that axis will appear with the normal posiitive
and negative directions also reversed. Thus, in the second example, the
w=axis would have 500 as its left limit and -500 on the xight.

As the third example illustrates, either one or both of the vranges
may be left off entirely. 1In this case, or if no range statement is
found at all, plot will attempt to determine “good” values, based wupon
the rest of the plot description. A descyiption of the algorithms used
to apply defaults in this and other statements 1s given in Appendix D.

The question arises as to where to draw the two axes crossing or
meeting each other. The following algorithm is used:

1) If an axis covers a range which 1ncludes the wvalue
zero, then that axis will be crossed at that pointe

2) If an axis covers a range which includes only positive
values, then that axis will be crossed at whichever
gnd vepresents the lowest value.

3 If an axis covers a vange which Includes only negative

values, then that axis will be crossed at whichevar
end represents the highest value.

Examples of this algorithm in use appear on the following pages.

by



II. THE AXES DEFINITION SECTION

SAMPLE PLOTS

<PS 3 2
range x=-500:500 y=~-10:10
- PE

oPS 3 2
range x==500:-100 y=-10:10
o PE




IT. THE AXES DEFINITION SECTION

SAMPLE PLOTS

PS5 3 2
range x=100:500 y==10:0
s PE

PS5 3 2
range x==500:500 y=0:10
o PE
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IT.Be The viewport statement

Plot allows the user to specify a viewport within the logical view
surface® e In this way, the user has complete control, should it be
desired, of the margins on all sides of the plot.e The size of the
viewport is given as a pair of points, representing the lower-left- and
upper—right-hand corners of the viewport. The syntax is as follows:

viewport (<xzlowlft>, <ylowlft>) (<xuprght>, <yuprght>)

The coordinate system to be used in a viewport statement is based
upon the size given for the logical view surface (LVS). Plot considers
the largest square which can fit into the logical view surface to have a
side of 1 in the LVS coordinate system. Thus, if the ".P5" command for
a plot description was  ".P§S 5 37 then a distance of 1 in the 1VS
coordinate system for that plot would be equivalent to three inches. If
a margin of VZ inch on all sides were desired, the viewport statement
for the plot would be

viewport (o166, .166) (1.5, «833)

NOTE that the origin of the LVS coordinate system is in the lower-left-
hand corner of the logileal view surface.

NOTE alsc that if (and only if) no viewport statement is found, plot
will automatically adjust the boundaries to assure that any axis-labels
oy numbering will appear within the logical view surface.

*The size of the logical view surface is given on the ".PS" command.
See Section I.
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In the illustration below, the logical view surface 1s the entire
area within the solid line. Note that it is five inches by three
inches, the size given in the ".PS" command. The viewpor:t i1is the
smaller sub-area within the logical view surface which is bounded by the
dotted line. Note that the axes only stretch to the edges of the
viewport, wnot the loglcal view surface. That is the definition of the
viewnorts

The points whose coordinates are given in the viewport are marked by

the two ordered pairs in the 1llustration. The origin of the Logical
View Surface coordinate system 1s alsc marked.

The Logical View Surface

@
@
@

XY ® 89

{xuprght, yuprght)

The Viewport

PO OO 6D BC 06 0¢ 0C IT 0O TL RO BB OD VD DO

(xlowlft, vlowlit)

2
©58502 5 S200B0930000)0F002200600899C0ORERRDG0LEECRIBOELODIRROS

@
$

H ¥V 0C 00 2OV BO O Of 0O GE 2L ST 0D B B

LVS Origin

P53 5 3
viewport {.166, 1663 {l.5, .833)
o PE

eBn
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II1.Co The marking statement

The % and y axes may each be marked and numbered at arbitrary incre-
ments to make the plot easier to read. The wmarking statement is used to
specify if, how, and where each axis is to be marked. The syntax is as
follows:

marking <axes> [<increment>] [options]

<axes> is a one- or two-letter “word’ giving the names of the axes
@ L4

being referved to In this statement. The only possible values are “x°,

& & & &

v° and “xy e

<increment> is an optional parameter specifying how often the axis
{axes) will be marked. If & value is given, the axis will be marked
every <increment> units. If no value is given, the axis will be marked
every Inche.

NOTE that 1f the value at the end of an axis 18 a multiple of the
<increment>, that position will wnot be marked. The value zero, if
present, is never marked. The ends may be marked by giving a slightly
wider range to that axis. ¥For example, given the statements

range x=-500:500
marking x 100

the ends of the x-axis will not be marked, whereas 1f the following
statements were used:

range #=-510:510
marking % 100

the x-axis would be marked very near the ends.

The options avallable on the marking statement are the following:

nohash requests that no Thash-marks (short perpendicular lines
crossing the axis) be drawn for this axis. If nohash is not
specified, then hash-marks and numbers (see monumber, below)
will be printed every <increment> units.

nonumbey requests that no numbers (representing the value of the axis
at a certain point) will be printed for this axise.

NOTE that 1f both nohash and nonumber ave given for an axis,
that axis will appear completely unmarked. This same effect
could more easily be achieved by simply not dncluding that
axis in any marking statement at all.

left
right apecify where the numbers for the y-axis will be printed
{i.e. to the left or vight of the axis). The default posi-
tioning is rights



top
bottom where the numbers for the =x-axis will be printed

above oy below the axis). The default positioning is

Examples: wmavking xy 25

marking % 10 nonunber
marking v 40 nohash

v 30 nonumber nohash

If both axes are to be marked dn exactly the same fashion, the
specification wneed only be given once, as in the first example, which
states that both axes ars to %e hashed and nunbered every 25 unitss if
the zes are Lo be marked in diiferent fashions, z marking statement
must appear for each of the axes, as in the other examples.

fhe second example states that the x-axls will be hashed every 10
unlts  buf 0ot nuw that the y-axis o be numbered every 40
unitg, bui not ‘aéheda

The third exawnple shows a number of Interesting o For the
axis, both hashing and nuwmbering are to ococur, but no increment is
given. In such a case, plot will set the increment to whatever number

of units will be scaled dnto an dnche.

For the y-axis, no hashing or numbering is to be done at all. That
is to say, the y-axis will be unmarked.

NOTH that if 1
b@ gioL@g§ NG

o] 0e
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SAMIPLE PLOT

Ers

PS5 3

range x=-500:500 y=-10:10
marking x 100 nonumber
marking v 2 nohash

o PE

w1



THE AXES DEFINITION SECTION

I1eDo The label

tatemen

vibing 1ts function, written

Fach axis may have a label
i nent, the syntax of which

next to dte. This ds doge Wi
18 a8 follows:

Examples:  label xy "Cooxdinate axis"

% "Number of Users Logged-On"
v "Time to do Trivial ¢ Compillation”

just below the axis and
the y-axis will be ?f inted
viewport, 1f necessarve
write statement sho zld be
in Section IV.De)

If a aif%e ent g
vuged. {The descriptic

{and, dncidental the write

printed wveing the normal the tearmi-
nale. Plot does no checking to be certain given will
1 i

vlz3e i
necessarily £iz dp the logilcal view surfa

]2



I7. THE AXES DEFINITION SECTION

SAMPLE_PLOT

The Y-Axis

N~ Oy o

o
. -

PSS 5 3

range x==500:500 y=-10:10
marking x 100 nonumber
marking v 2 nohash

iabel % "The X-Axis”
label v "The Y-Axis"

2 PR
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SECTION

I1%. THE DATA AND FUNCTION DEI

i
oo

Ife THE DATA AND PUNCTION DEFINITION SECTION

or a definicdon of a sef of data-points Is as follows:

<set-name> : (<x~coordr, <y-coord>) soe
{(<x=coordr, <y=coord>) oee

e

£

®

The first line of the defiundtion begins with the keyword e
which 18 followed by the name of the set Set-names have a letter as
the first racter followed by an unbroken 3

t t series of lestters, diglts
and/or underlines. No other charascters may be Inbedded in a data-set
name s

that
Any

characters of a data-set name are signifi-

RO
that limit will be ignoved.

cant

Afrer the set-name wmust be a colon followed by a 1list of ordered
pairs, esach paly separated from the others, 1f desired, by spaces, tabs
nd/or newl ch ovdered pair may have embedded blanks (e.g. after
the comma) if desired.

R
Ne8e 1

The extent of a set definitlon is defined as all ordered pairs found
between the sete-name and the next plot keyword.

A set of data-points will only be plotted 4f a plet statement
appears for that set. {See Sectlon IVeB.)

Examples: define Critical Points : (45, 3) (21, 21) (-3, =6) (0, O)
{8, 80) (-5, ~31) (0, 2) (56, ~1)
define Another Set : {0, 0) (=i, -1} {1, 0) (0, =1} (0, O)

el by
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I11.Be Defining Functions

Functions may be defined in one of three fashions:

1) By Expression - The function is simple enough to be stated
in a single FORTRAN expression.

2) By Algorithm = The function is defined in a fashion similar
to that of a FORTRAN function, using a small FORTRAN-like
language.

3) Parametrically = The % and y coordinates are each governed
by separate functions based upon a common independent vari-
able, te

We will look at each alternative separately.

I1T.Bs1 Fupnction-Definition By Expression

By far the simplest method of defining a function, the syntax is as
follows:

define <funciion-name> = <expression> ;

A function-name consists of an identifier, which is a letter fol-
lowed by an unbroken string of letters, digits and/or underlines. The
identifier is followed by a left parenthesis, the independent wvariable
(which must Dbe either x or v), and a right parenthesis. The following
are all legal function-names:

quad (x) s45(y) left_hand differential(x) £(y)

NOTE, however, that only the first 10 characters of any identifier are
significanto. Thus, 1f a function left hand integral(y) existed in
addition to all those asbove, an error would surely result, since it and
left_hand differential(x) have the same first 10 characters.

Expressions have exactly the same syntax as standard FORTRAN expres-—
sionse. They may continue over the ends of lines so long as no Iidentif-
ier, keyword or constant is split uwp. The end of the expression is
determined by the trailing semicolone.

The following mathematical functions may be used without definition:

sin{(x)
cos(x)
tan{x)
atan(x) The standard trigonometric functioms, these deal in
radians only. The returned value from atan(x) will be
in the range “‘?,i ataﬁ(x)eiuie

1 5o



exp(x)
Log (x)
loglO(x)}

gamma ()
sqrt(x)
abs{(x)

nod{x, v)

floor(x)
cell (x)

In addition, any
tion appeared

define

define

define

define

phase(x) =
unl{x) =
power{y) =

gingularity(x) = 1

AND TUNCTION

log(x) 1s the log base e.
return 2 very large ne

L&

error to take the log of

Both logix)
ative number

i 00

(%), square root and
8 an error to take the sguare root

, such that x =

floor{x) returns the largest integer not
xe cell(x) returns smallest integer

OO S S
Tie [

user-defined
in the files

funciion may be used

orlier

cube{x) = x %% 3

quadratic(y) = 5 % y*¥%2 4 6 % y + 4y

o
§

gin{x) #* s8in{20.5 * %)
eS 4 @E. % b @é} % X‘%*Z;

y Ry

/ (xF%2 - 1)

w e

=16

at x=0. It
a negaitive number.

absolute-value

NTTLON

and  logllO{x)

is an

functionss
of a negative

where 1 is an

greater than

not less than
if its  de

fini-
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I11.8.2 Function-Definition By Algorithm

It is often the case that a function can not be stated as a single
expression. In order to overcome this difficulty, a small, FORTRAN-like
language called PLOTRAN has been created. Using PLOTRAN, it is possible
to define almost all single-valued functions. An example of a function
defined in PLOTRAN is as follows (The numbers in parentheses are for
reference only and would not appear in a real definition):

(1) define sample(x):

(2) prod = 1

(3) if (x < 0) goto 103
(4) for k=1 to x;

(5) prod = prod % 2;
(6) next k3

(7 goto 20;

(8) 10: for k=-1 to x step ~1l;
(9) prod = prod / 2:
(10) next kg

(11 20s sample = prod;

(12) end;

Line (1) corresponds to the define statement in & function-
definition by expression. In this case, however, we do not have a sin-
gle expression, so we end the statement with a colon.

Line (2) dis an example of a PLOTRAN assignment statements It com-
putes a wvalue from the expression on the right side of the equals sign
and stores it in the variable named on the left side.

PLOTRAN variable names have exactly the same form as a data-pointe—
set mname, that is, a letter followed by an unbroken string of letters,
digits, and/or underlines. NOTE that in PLOTRAN, as with data-point-
sets, only the first 10 characters of a variable name are significant.
More characters may be present, but they will be ignored by the plot
programe

In any function definition, three variables have a special meaning
to plots The independent variable ("%’ in the example above) is set upon
entry to the function. The dependent variable, which is always the one
of x or y which is not the independent variable (e.ge “y° would be the
dependent variable in the example above), and the variable which has the
same name as the function (i-.e. ‘sample’ in the example above) refer to
the same space in memory. Thus if one of the two 1s changed, the other
is, of course, also changed.

NOTE that all wvariables other than the independent variable are set
to zero upon entry to the function.

=] T



ITT. THE DATA AND PUNCTION DEFINITION SECTION

NOTE carefully the trailing semicolon on this and all subsequent
lines. Excepiing only the define statement, all PLOTRAN statements must
end with a semicolon. This feature allows statemenis to be carried over

line boundariles, so long as no constant, keyword or name is split ups

Line lustrates the PLOTRAN 1f statement, the general syntax of
which is W

if ( <expression> ) goto <statement-uumber>
The expression giv&m in an 1f oy assignment statement may use any of
ators commonly used in FORTRAN (i.e. 4+, =, %, / and *%), any of
the usual PQWP&?iQGF operators (lees >, <, =, »=, <=, and <>, which
means  ‘not  equal’), and the Boolean operators & (and), | (ex) and !
(not)e

The expression

will have the value 1 the vardable A dis numeri-
cally greater than lable Bs Tt will have the value 0
{zayo) otherwise. This pattern is followed with all of the comparison
operatorss

in a nilar manner, the expr

will have the value 1 {one) if both A and B are nonzero and the value O
{zero) otherwise. 'The ! {not) Jpez'aezg when applied to an expression,
gives the value 1 (oune) 1f the expression equals zeve and 0 {(zero) oth-
) 4

Given this set of vules, we can now understand the workings of the
OTRAN if statements

3
e

When executing an starement , plot evaluates the expression withiy
the parentheses. 1f the valua of the expregssion 1
.
&

s nonzero, then con-
trol will transfer to the statement within i Finditdion which
has the numbey given after the se of the if
statement in line {(3), control would 8y, since it

has the label “107.

Lines (4) through (6) demonstrate the PLOTRAN for-mext construction.
This 1s used when a number of statements are to be execuied several

o

times. The syntax for the two statements 18 as followss
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for <varisble> = <expression> fo <expression> ;
OR
for <varisble> = <expression> to <expression> step <constant> ;
°
o

E]

next <variable> ;

Using the first form of the for statement is exactly equivalent to
using the second form with the <constant> equal to 1 (one). From this
point on, we shall refer to that <constant> as the ’stepsize®s The
effect of a for-mext pair is exactly as follows:

1) The variable is assigned the value of the first expression.

2) 1f the stepsize is positive and the value of the wvariable Iis
greater than that of the second expression, OR the stepsize is
negative and the value of the variable is less than that of the
second expression, control will skip to the statement directly
after the corresponding next statement.

3) All of the statements between the for and the next will be exe-
cuted.

43  The value of the stepsize will be added to that of the variable
and the result stored back in the variable.

5) Steps 2) through 4) are repeated until the conditions stated in
step 2) are metls

Thus, the effect of linis (4) through (6) is to double the value of
the variable prod “x” times” , while that of lines (8) through (10) is to
halve the value of prod the same number of times.

The only lines left to be explained are (7), (11) and (12). Lines
(7) and (1l1) are, of course, examples of the PLOTRAN goto statement; the
effect of which is to unconditionally transfer control to the indicated
statement. Line (12), the end statement, does just that. Whenever con-
trol reaches an end statement, execution halts and the wvalue of the
dependent variable is returned from the function.

NOTE that only one end statement may appear In any function and that it
must occur as the very last statement in the definition. The end state-
ment is plot®s only way of knowing when a function~definition is com-
pletede.

*Actuallys the loop will be executed a number of times equal to the in-

& &

teger part of “x%.

] Qw



ITI. THE DATA AND FUNCTION DEFINITION SECTION
A summary of all PLOTRAN statements and theilr syntax dis given in
Appendix B. An explanation of all PLOTRAN operators and their relative

precedence is given in Appendix C.

The following is anothey example of a PLOTRAN functlon-~definition.
Further examples may be found in the Bample Plot section, Appendix E.

define root{y) 3

if (y < 0) goto 403
oldrg = 23

8
newrt = {(oldrt + v / oldxt) / 23
if (oldrt > newrt) goto 20;
1f {(newrt - oldrt < le-=6) goto
aldyt = pewrt:
goto 103
20 4f (oldrt = newrt < le=6) goto 30;
oldrt = newrts
goto 10
30: roor(y) = newrt;
gote 99;
40: root(y) = O3
99: ends

ot
o
Pod

()
<
we
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I1L. THE DATA AND FUNCTION DEFINITION SECTION

I1T.B-3 Parametric Function-Definitions

A great number of functions (primarily, but not solely, those which
are mnultiple-valued at some or all points) are not definable in either
of the styles given above. 7To attempt to partially overcome this defi-
ciency, the facility is given for defining a function parametrically.
Such a definition takes the following form:

define <parametric~function-name> :
definition of x>
<definition of y>

Parametric-function-names are exactly like other function-names,
except that the independent variable is always “t°. The definitions of
x and vy are in either of the two forms given above, excepting the
‘define’ keyword, which must be omitted.

NOTE that the definitions of x and y must each start a line.
An example of a parametric function-defintion is as follows:
define circle(t) :

x = 3 % cos(t);
y

T, would produce a
civcle, assuming that the dncrement were small enoughe

See Section IV.B. for an explanation of how parametric functions are
plotted.

=2 1w



iV. THE DRAWING SECTION

IVe THE DRAWING SECTION

IVeA. The Coordinate Axes

Unless told not to, the plot program will draw both coordinate axes
on the graphe To prevent this occurance, the noplot statement must be
employed. The syntax 1s as follows:

neoplot <axes>

Examples: noplot xy
noplot =x
noplot v

The first example asks that neither axis be drawne. This does not
mean that any numbers, marks, or labels requested will not be drawn. If
a marking or label statement appeared In the azxis-—definition section,
the dinstructions found there will be oheved, regardless of the presence
oy absence of a noplot statemento.

The second example asks that the x-axis not be drawn, and the thixd
does the same for the y-axis.

IVeBs The plot statement

The plot program will only draw graphs of those functions and data-
point-sets that avre specifically requested. The request to draw appears
in one of the follwing forms, discussed below.

IVeBsls Data~-Point-Bets

A rvequest to plot the pointes In a data—set appears as follows:
plot <set-name> ["<character>"]

<get-name> is the name of z data-set defined earlier 4im the plot

description. <character> is used to
plot the points in the set. a plus
+7)

IVeBa.20o Connected Polnts

If a straight line is desired connecting the points of a data-set,
form of the plot statement should be useds

w2 G



IV. THE DRAWING SECTION
plot copnect <set-name> [<line~type>]

<get-name> is the name of a data-set defined earlier din the plot
descriptione <line-type> specifies what kind of line should be used
(1.e. s0lid, dotted, dashed, etc.). Line~types are defined more com=-
pletely dn Section IVeBo5.

NOTE that the points will be connected in the order in which they were
specified in that set’s define statemento.

IVeBo3. Functions
The request to plot a function appears as follows:
plot <function-name> [<range>] [<line=-type>]

<function-name> is the name of a function defined earlier in the
plot description. NOTE that the indpendent variable given in the plot
statement need not be the same as that given in the corresponding define
statement. This allows a function to be plotted using either or both of
x and v as the independent variable, as in the following sequence:

define root(x) = sqri(x):
plot rootr(x)
plot root(y)

Ordinarily, a given function is plotted over the entire range of
its dindependent wvariable. If this is not desired, a range for the
independent variable may be given. The syntax of a range is exactly
like that of the range statement (See Section II.A.), that is,

‘variable> = <begin> : <end>
where the <variable> must be the same as the independent wvariable given
earlier on the same line. An example of a plot statement using a range
is as follows:
plot root(x) x=0:100
<line-type> specifies what kind of line should be used when plot-

ting the function (i.e. solid, dotted, dashed, etc.). Line=types are
defined more completely in Section IV.B.5.

IVeBebho Parametric Functions

The request to draw a parametvric function is much 1ike that of a
normal function. The syntax is as follows:

plot <parametric—function-name> [<range>] [di=<incremeni>] [<line-type]

D 3



IVe THE DRAWING SECTION

parametr ic=function-name> is the name of a parametric function
defined earlier in the plot description. <range>» is the range of values
that ¢ will take on during the plotting of the functlion (see below)s
The syntax of a vrange specification is exactly as given in Section
IVeBe3s aboves

<dincrement> is defdy

<line-type> spec
the function (d.c.

s what kind of line should be used when plotting
dashed, €tce) o ine-types are defined

2
more completely in ! 5e
When plotting a parametric function, certain exceptions apply:

1) If no range 1s given, the range will be that of the x-axis.

2) The dncrement for the value of ¢ (see below) is given din the plot
statement in the form

di=<increment>
3) If no dncrement is given, 1t will default to the smallest iIncrement

on the =x-axls which s representable, given the precision of the
cutput terminal.

A parvametric funci:

Llowing manner:

1Y An intial value for t is found {see above).

2) Using the definitions of % and v, 2 coovdinate pair 1s constructed.

3) The pen moves to this initlsl positions

4y The value of t is increased be cne <increment> and the new wvalue
]

£
checked to see 1f 1t exceeds the final value given for t. If so,
the plot is concluded. Otherwlseeoo

T

S

A new coordinate palr is constructed using the new value of t.

6) A straight line is drawn fyrom the vpen’s current location to the
position indicated by the new coordinate-pair.

7y Steps 4) through 6) are vepeated untill © exceeds its limit.

D by



IVe THE DRAWING SECTION
IVeBobe Line-types

There are three standard types of lines available for functions to
be drawn with: solid, dotted, and dashed. To specify one of the stan=
dard types, simply give its name in the proper position on the line, as
given in that statement’s syntax. The default type is solid.

Users may also define their own line-types by specifying a string of
at most 20 digits enclosed in double quotes (V). The string will be
read one digit at a time, interpreting the first digit as a count of
increments along the line with the pen down, the second digit a count
with pen up, the third down, fourth up, etc. When plot reaches the end
of the string, it will start over again at the beginning. For example:

The string 5212 means that for the first 5 dncrements along
the 1line, the pen will be down (le.e. periods will be printed).
Yor the nexi 2, the pen will be up, then down for 1 and up for 2
more. Then the cycle will begin all over again, 5 down, 2 up, 1
down, 2 up, etce

NOTE that if a component of a user-defined line needs to be longer than
9 increments, it should be specified as a run of digits separated by
zeroes, as in "909064" which means 24 down, 4 up, 24 down, 4 up, etcs

A sample of various line-types is given below:

e == This 1s the default, or “solid’ line.
mammmmwmss 10168 15 a “dashed’ line, equivalent to "52%.
sovsssesscsscassesss  This 18 a “dotted’ line, equivalent to "12%,
mmomsemmonsn INis line is defined as "9313".
womememsmomomen  LThis line is defined as "3212".

= This line is defined as "909064",

=P 5



THE DRAWING SECTION

A

IV.Cs Bar Graphs and Histograns

Once a data-point-set has been defined, those poinits may be used ¢to
draw a hilstogram or a bav graph. The syntax for such requests are as
follows:

plot histogram <set-name> [«
plot bargraph <set-name> [<line-

Ane~type>]
type>] [vertical]l [wldth=<bar-width>]

Bargraphs and histograms are essentially the same thing in slightly
different formatse Examples of each are given below. NOTE that bar
graphs are always drawn horizontally wunless the vertical keyword is
given. Histograms are alw:

For histograms, each point in the data-set will be interpreted as
the yight-hand corner of a histogram-bars The only exception is when
the second point in the set is to the left of the fivst. In this case,
each point will be Interpreted as the left-hand corner of the bar.

The wideh of each ber will be equal to the x-distance between the
given point and the one before it. The width of the ve ry fivst bar will
be equal to that of the seccond (di.e. the x-distance betw the first
and second points).

=width> i8 the width of each har in the sanme
tdcal keyword has been given, then the
he same scale as the x=axig.)

points are zlways interpreted as the upper-right
corner  of tuk bﬁi@ <bay-
scale a8 the y-axis. {(If
width is int 8

If no wideh 18 given dn the plote-statement, the width of each bar
will be 807 the y=distance between the glven point and the previous
one. The w;&iu of the very first bar will be equal to that of the
second.

¥or either histograms or bar graphs, a line-type may be specified
which will be used in drawlog the bars. The syntax of such a request is
exactly as given for line-types in function-plots, above.

w2 G



IV. THE DRAWING SECTION

SMMPLE PLOTS

oPS 4 4
range x=0:10 y=0:100

define Sample hist (1,30) (2,62) (3,4) (4,16) (5,63) (6,36)

(7,84) (8,26) (9,51) (10,31)
plot histogram Sample hist
o PE
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IVe THE DRAWING SECTION

]

o P8 4 4

range x=0:100 y=0:10

define Sample barg s (30,1) (62,2) (4,3) (16,4) (63,5) (36,6)
{84,7) (26,8 (51,9) (31,10)

plot bargraph Sample barg

PR



IVe THE DRAWING SECTION

IVsDs The write statement

It 18 often the case that one needs to have text printed somewhere
on the plot, be it labels for functions, descriptions of the plot, etces
The write statement provides this facility. The syntax of the write
statement is as follows:

write (<m>, <y>) T<text>"
write 1(<x>, <y>») "<iext>"
write L(<x>, <y>) "<text>"

The fivst form 1s used to specify a location in the same system
that wvyour data is din. Bither of the other forms may be used to specify
a location in LVS coordinates. (LVS coordinates are explained in the
description of the viewport statement, Section II.B) The two LVS forms
are exactly equivalent; the choice is provided merely for user conveni-
eNcCee

NOTE that the character just before the “(° in the second form is a
lower-case letter “L7.

DG



1Ve THE DRAWING SECTION

SAMPLE PLOT

Yet more simple text

A simple piece of text

And more slmple text

«P§ 5 5

range x=-10:10 y=~10:10

write (2,2) "A simple plece of text”
write 1{-1,+8) "Yet more simple text”
write L(e55,02) "And more simple text"

« PE
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IV. THE DRAWING SECTION
IVeEe. The Legend

A legend, describing what each graph vrepresents, can also be
printed. The syntax for such a request is as follows:

legend (<x>,<y>) <line~type> ''<description>"
legend 1(<x>,<y>») <line~type> ‘<description>"
legend L(<x>,<y>) <line-type> "<description>"

legend (<x>,<y>) ‘<gtying>’ '<description>”
legend 1(<x>,<y>) ‘<string>’ “<description>"
legend TL(<x>,<y>) ‘<string>’ "<description>™

Each legend statement begins with a pair of coordinates (the syntax
of which is exactly like that of the coordinates in the write statement)
which specify where this legend line will be placeds

For lines, this is followed by a <line-type>, presumably, but not
necessarily, the sawme type as one of the lines in the plot. Exactly one
inch of this line type will be printed.

For data-point sets, the coordinates are followed by a string,
enclosed in single quotes, which presumably lists the character(s) used
to plot one or more data-point sets. The maximum length of this string
is 12 characters. It will be printed left-justified in a 12-character
field.

In either case, a one-line description of at most 50 characters fol-
lows, enclosed in double quotes. This description will be printed y4
inch to the right of the line or string.

=31



IVe THE DRAWING SECTION

SAMPLE PLOT

8
2
L ¢
g §
§ xd
§ $
g &
% 4
) * $
% ¢
2 §
% £
% g
% 4
% §
% §
3 5
%
%%% g
% % g
% &
> $
e )
%Qj
%

Y 1 T A legend for a 1ine
Stars (%) A legend for a set of points

«PS 4 4

range x=-10:10 y=-10:10

viewport (0,.0833) (1,1

define Bet One : (8,8) (2,=9) (~3,-4) (~6,10)

define Set _Two : (7,6) (=2,-6) (3,3) (9,~10)

plot connect Set One dashed

plot Set Two ''*"

legend L{.3,.0416) dashed "A legend for a line"

legend (.3,0) “Stars (¥#)° "A legend for a set of points"
« PE
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A. SUMMARY OF PLOT STATEMENTS

Appendix A. Summary of Plot Statements

The ".PS" Command
o PS <x-width> <y-length> [<indent>]

The Axis Definition Section
range [x=xlix2] [y=yliy2]
viewport (<xlowlft>, <ylowlft>) (<xuprght>;, <yuprght>)
marking <axes> [<increment>] [<options>]
label <axes> '<label>"

The Data and Function Definition Section
define <set-name> ¢ {(<x>, <Y¥>) cos

define <function-name> = <expression> 3
define <function-name> ¢
<PLOTRAN~function~definition>
define <parametric-funciion-name> 3
<definition of x>
<definition of y>

The Drawing Sectlon

ndplot <axes>

plot <set-name> ["<character>']

plot connect <set-name> [<line-type>]

plot <function-name> [<range>] [<line-type>]

plot <parametric—-function-name> [<range>] [dt=<increment>] [<line~type>]

plot histogram <set—-name> [<line-type>]

plot bargraph <set-name> [width=<bar-width>] [vertical] [<line=type>]

write {(<x>, <y>) “lrext>"
write 1(<x>, <y») '<text>"
write L{<x>, <y>) <text>"

legend (<x>, <y>) <line-type> ‘'<description>"
legend 1(<x>, <y>) <line-type> '<description>"
legend L(<x>, <y>») <line-type> '<description>"

legend (<x>, <y>) ‘<string>® "<description>"
legend 1(<x>, <y>) ‘<string>’ "<description>"
legend L{<x>, <y>») ‘<string>° "<description>"

-3 Fee



B. PLOTRAN SYNTAX

Appendix B. A ¥Yormal Syntax of PLOTRAYN

In the following syntax equations, a modification of Backus Normal
Form is used. The following punctuation conventlons arve followed;:

<term> A term enclosed in angle brackets represents the
syntactic entity named by the terme.

[anything] Anything enclosed in square brackets is
nptionale

anything oso Anything followed by an elipsis may be vrepeated
Z

2  Bither one or the other of the choices may be
used, but not both at once.

{anything} Anything enclosed in curly braces should be con-
8i ered as a unit.

Any word appearing without enclosing punctuation or any character
other than the ones mentioned above should be used literally as givene.
A character mentioned above but appearing in quotes loses its special
meaning and should be used as given, without the quotess

<function-definition>

i

¢= [<statement>] oo <end-statement>

e
B
i

s= [<label>] { <assignment-statement>
| <if-statement>
| goto-statement>
| <for-statement>
| <next—statement> }

<statement>

oo
B
|

<end-~statement> $:= [<label>] end

<label> ::= <unsigned-integer> :

EYS

<assignment-statement> ¢:= <lvalue> = <expression> ;

<lvalue> ::= <identifier> [ ( <independent-variable> ) ]

a0

as
se
i

<if-statement> = 1f ( <expression> ) goto <unsigned-integer> ;

eu

<goto-statemeni> ::= goto <unsigned-integer> ;

ao
oo
§

<for-statement> = for <ddentifier> = <expression> to

<expression> [step <constant>] ;

sy
ae
]

<next-statement> = pnext <identifler> :

3l



Bo. PLOTRAN SYNTAX

<expression> i:= <expr2> [ {"|" | &} <expr2> ] eee
<exprl2> ::= <simple—expr> [<relate-op> <simple-expr>] soe
<relate-op> s:= = | <« | < | > | <= | o=
<gimple-expr> := [+ | =] <term> [ {+ | -} <term> ] oo
<term> ::= <factor> [ {* | /} <factor> ] eoo
<factor> 3= <atom> [ *% <atom> ]
<atom> :3= <unsigned-constant> |
<identifier> |
<function-call> |
( <expression> ) |
{ <atom> |
<identifier> ::= <letter> [ <letter> | <digit> | " " ] oeo

=35



Co PLOTRAN OPERATORS AND PRECEDENCE

Appendix C. The PLOTRAN Operators and Thelr Relative Precedence

This appendix is meant to serve as a reference when it 18 necessary
to know exactly how the PLOTRAN operators behave, what values they
return and in what order expressions will be evaluated.

The following is a complete list of the PLOTRAN operators showing
their relative precedence, vreturned value and associativity. Those
operators neaver the top of the table have higher precedence and will be
evaluated earlier in any given expression. Those operators shown on the
same line have identical precedence and will evaluated according to
their associativity. Parentheses may always be used to change the ordex
of evaluation.

The PLOTRAN Operators

Operator Associativity Value Returned
! right te left IX equals one 1if X=0,

zero otherwlse,

w left to right X%%Y equals XYG If X<0,
Y dis truncated to an
integer valueo

left to right As in FORTRAN.
unary - 4+ - left to right As in FTORTRAN.
e <> < > < P left to right X op Y equals one if the
condition 1s true, zevo
otherwise.
& left to vight | X & ¥ equals one if both
X and Y are nonzero,
zero otherwisges.
X | Y equals one 1f
either X oy ¥ is
nonzero, zero otherwises

Y.



D. PLOT PROGRAM DEFAULTING ALGORTTIMS

Appendix Do The plot Program Defaulting Algorithms

In almost all of the plot program statements, parameters or options
may be left off by the user. This section describes the actions taken
by the plot program In each instance. If a parameter is not mentioned
below, then it is an ervor to leave it off of the corresponding state=
ment .

The range Statement

If no range for a variable 1s given, one of two things will occur:

1) If any datasets were defined, the range of the variable in question
will be the range of values present in the datasets. If that range
is of zevo width, the range of the variable will be expanded by omne
in each directions

2) 1f no datasets were defined, the range of that variable will be
-1:1.

The viewport Statement

If only one ovdered paly is given, the other pair will be assumed to
have been (l,1).

If no pairs were given or no viewport statement appeared at all,
values of xlowlft, ylowlft, etc. will be calculated which adjust for any
axis-numbers or labels requested, so as to keep them within the Ilogical
view surface.

The marking Statement

If no <increment> 1s given, an increment equal to ome inch will be
assumed »

1f neither left or right is given and marking of the y-axils Iis
requested, marking will occur on the right.

1f peitheyr top or bottom is given and marking of the x-axis is
requested, marking will occur on the bottome.

The plot Statement (Datasets)

1f no <chavacter> is given, the points will be plotted with a plus
"+
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Do FLOT PROGRAM DEFAULTING ALGORITHMS

The plot conpmect Statement

I1f no <line-type>» is given, solid is assumed,

The plot Statement (Functilons)

If no <range> is given, the entlre range of the independent variable
will be used. TIf no <line~type> is given, solid is assumed.

The plot Statement (Parametric Functions)

If no <yange> 1is given, the range of the zx-axis will be used. If no
<increment> 18 given, the smallest increment on the x-axis, given the
precision of the output terminal, will be used.

The plot histogram Statement

If no <line~type> dis given, solid is assumeds

The plot bargraph Statement

If no <line-type> is given, solid is assumed. Unless the wvertical
keyword is given, the bargraph will be drawn horizontally. If no
<width> ig given, the width will be 80% of the y-distance (x~distance if
vertical) between the first and second points. 1If there is no second
point, the width will be equal to yz inche

=3B



Be SAMPLE

Appendix F.

On this and
use of the plot
for most common
trated at least

PLOTS AND

Sample

DESCRIPTIONS

Plots

the text aboves

the
programe

following pages ave printed a number of examples of

Among them it is hoped that an exanple appears
situations. UFEvery feature described
once in either the plots which follow or the examples in

above dis di1lus-

This document and all sample plots were produced on an AJ-832 termi-

naloe

cal precision is 48 increments to the inchs

e I

The horizontal precision is 60 increments to the inch. The verti-

The plot on the title page of this document, reproduced below, was
produced with the following input:

«»PS 3 3
raunge x=-3:3 y=~3:3
define Lissajous(t):

x = 3 % cos{2%t);

y o= 3 % cos(3%t + 2);
plot Lissajous(t) t=0:6.3 di=.02
= PF,

Notice the value given for dt in the plot statement. A relatively
as  +02 wiil give one a swmooth curve. An example of
what the output looks like for a wvalue of dit which is probably too large
appears on the next page.

small

value

such

3G



fo SAMPLE PLOTS AND DESCRIPTIONS

PSS 3 3
range w==-3:3 y==3:3
define Lissajous{t):

x = 3 % cos(2%L)

b

.
=t

wly (e



Eo SAMPLE PLOTS AND DESCRIPTIONS

360 =

% % 1.5 % %

| | i & ! R l
=75.0  =50.0  =25.0 2500 5000 75.0

£ ale5—
~3.0—
b0 5o #

6o (=
% =705 =

‘*9@0% %

PS 5.5 6 0

range x=-100:100 y=-10:10

marking x 25.0

marking y 1.5 left

define Test Set : (=75,2:5) (25,~9) (50,13) (10,9) (=20,-7.5) (=25,~-1.5)
(75,=be3) (=50,1e5) (=32,-5:2) (25,:5) (~66,7:5)
(100,15) (0,=9) («100,1.5) (7,7) (75,1.5) (~50,6) (0,1.5)
(25,-10) (0,0)

plot Test Set "#"

noplot xy

< PE

Note that there was no centering perxformed due to the zero third
argument on the ".P8" command.
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E. SAMPLE PLOTS AND DESCRIPTIONS

Efficiency of System

i i i 4 g
{ ¥

4

i H i i
~10 10 20 30 40 50 60
Outside Temperature (°F)

oPS 6 4

range x=-65:65 y=0:7

marking x 10

label x "Outside Temperature (\(deF)"

label y "Efficiency of Systen®

define Samplings 3 {(~60.5,1) (=52,¢6) {~49,.8) (~47,1.25) (~42,1.65)
(»4065,1625) (=3865,2:1) (=31,1.15) (~29,1.55) (=27,2.2)
(=21,1-75) (-=1965,2295) (~15.53,2:25) (=14:5,2:97) (-8,2.3)
(~=3,2:8) (-10,3.65) (6,3:8) (11,3.1) (14,3.5) (16,4:4)
(20,343) (2565,467) (29,5:1) (30,3.9) (32,3.25) (33,4.4)
{38,3.8) (41,3:5) (44,5.8) (£5,4.8) (53,5:.9) (54,5.1)
(61,5.4) (63,6.7)

define Linear : (65,6) («65,:5)

plot Samplings

plot connect Linear

- PR

wdy D



E. SAMPLE PLOTS AND DESCRIPTIONS

PS5 6 6

define heptagon ¢ (0,15) (9,11) (11,2) (5,-5) («+5,-5) (~11,2) (~9,11) (0,15)
plot connect heptagon '"909064"

plot heptagon

« PR

by 3



E. SAMPLE PLOTS AND DESCRIPTIONS

P N
L AR
e P
P Y
o 4 é %
L ¢ K
§

P56 6

range x=~10:10 y=-4:14

define spivograph ¢ (0,15) (9,11) (11,2) (5,-5) (=5,=5) (=11,2) (~9,11)
(0,15) (11,2) (=5,-5) (~9,11) (9,11) (5,-5) (~11,2) (0,15) (5,-5)
(=9,11) (11,2) (~11,2) (9,11) (~5,-5) (0,15)

plot connect spirograph dashed

noplot xy

o PE

Note that 1f parts of a plot lie outside the viewport, they will not
be printed. That part of the plot which is within the boundaries of the

viewport will appear unaffected.

wdy by



E. SAMPLE PLOTS AND DESCRIPTIONS

2 This plot produced April 2, 1980
1 § ¢ .
% ?
g fg é@ae@ee@
B ¢ A g
% @@968
0o

§
i 2
P

s

B

C

ke
A4
9

%

g

8

§
é; ¥
)
A thru C Three sample Data-point sets
The default, or “solid’ line
ecosessoosssessssess  Line obtained with “dotted” keyword

mmmmmmesass Line obtained with “dashed’ keyword
@ o (e o wER © GEED Line Obtaiﬂ@d With line“type ”9313"

oPS 43 4.3
range x=-=2:10 y==6:6
viewport (0,.2) (1,1)

define
define
define
define
define
define
define

a ¢ (5,0) (10,-4)
b s (4,4) (-2,1)
c s (~1,6) (1,-6)
d : (=2,=6) (3,5)
setA @ (1,3) (8,-4) (~1,-1)
setB ¢ (=1,3) (5,=3) (1,=1)
setC ¢ (L,=3) (4,5) (7,465)

plot connect a solid

plot connect b dotted
plot connect c¢ dashed
plot comnect d “9313"
plot setA A

plot =setB B

plot setC C

legend
legend
legend
legend
legend
write
«PE

1(0,6133) “A thru C° "Three sample Data-point sets®

1{(0,-.1) so0lid "The default, or “solid” line"
1(0,.066) dotted "Line obtained with “dotted’ keyword"
1(0,.033) dashed "Line obtained with ‘dashed’ keyword"
1(0,0) "9313" "Line cbtained with line-type \"9313\""

1(265,565) "This plot produced \*(DY"

el 5em



Fe SAMPLE PLOTS AND DESCRIPTIONS

£ () =1 5+0x+6% x>

@@@%@@%@%% £ (X)@'g‘{”l 2X+3X2

£ 40 -+

oPS 6 6

range #=-6.5:1e5 y==50:50

marking x 1 top

marking v left 10

define cubic(x) = 15 + 9%x + H&RyxARRD 4 xH&J;

define diff(x) = 9 + 12%x + 3kgd*2;

define points 5 (~6,-39) (~5,-5) (=4,11) (~3,15) (~2,13)
(=1,11) (0,15) (1,31} (2,65)

plot cubilc(x)

plot diff(x) dashed x=-5.9:1.5

plot points "X"

legend (=603, 47) solid "f£(x)=15+Ix+6x\u2\d+x\u3\d"

legend (<6.3, 43.5) dashed "£°(x)=9+12x+3x\u2\d"

« PH

oty G
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SAMPLE PLOTS AND DESCRIPTIONS

Se Y %% $P e, e®
@aa giﬁ % o @eé § % f
o
S Y U s
e N > s
@%»;i 3 s § s % 3
® % @ § ° N
e é’ Al § % o Z % ©
§; ° % 2 5 Z %é N
& @
e 2 ‘asg ges % 5 3@ ie @% §
2
tii %g 2 fg 3 ge ; y
be i j ' % %; :P é
o %@ 8 : § % % ° 5
e e@ % : 5 % % s o
’ L ¢ % J s
o o Lo % § 2 P e % ¢ ¢
] 2 9
-6k E v 4 3 Y ;
® L) < ®
@
&
e 8} “ oy ; P s
° ® @ : i é
@ee@@e %m; esegeé wp
©0066000000560600000 Yy = Qo8 (X)
E L T y = sin (X)
P8 5 3

range x=0:13

viewport (0.0833,.166) (1.666,1)
marking x 1.57 nonumber

marking vy 2 left

define f(x) = sin(x);

define g(x) = cos(x);

plot £(x) %x=0:12.56 dashed

plot g(x) %x=0:12.56 dotted

legend L{0,.0555) dashed "y = sin(x)"

legend L(0,.1111) dotted "y = cos(x)"
o PR

ol 7



Fe SAMPLE PLOTS AND DESCRIPTIONS

60509099990000,
6981‘79 fey
o0 ®o
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e °
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8 S 1]
@

o PP O o 50 g
g
Iy
-
iy, o
® ampage 02 °

g™
&

PS5 3 3 1

range x==-15l y=~1:1
marking xy .2 nonumbexr
define cl(x) = sqrt({l - x%%2):
define c2{x) = -cl(x):
define center ¢ (0,0)
plot ¢l(x) dotted

plot c2(x) "9313"

plot center

noplot xy

o PE

Notice the definition of c¢2(x) which dncludes a vreference to an
earlier~defined function, cl{x)- A function-definition may always
reference to a previously defined usexr function. In fact, a function
may even be recursive (l.e. reference Itself) as in the next example.

oy 8



Ee SAMPLE PLOTS AND DESCRIPTIONS
@
3

Non—-recursive pseudo | (x)

cavemmoamoameam oEY Recursive pseud() F(X)
ae
9
L]
e
@g

True ["(%)

2200000080200 0002060

=80

40

O



Lo SAMPLE PLOTS AND DESCRIPTIONS

«PS 4 5
range x=0:5 y=0:100
marking v 20
define factorl(x)
prod = 1:
102 3f (% <= 1) goto 99;
prod = prod * x;
x = x - 13
goto 10:
99: factorl = prod:
end
define factor2(x)
if (x <= 1) goto 10;
factor? = x * factor2{x - 1);
goto 99;
10: factor?2 = 1;
99: end;
define factor3{(x) = gamma{x+l):
plot factorl{(x) %=0:3.5 solid
plot factor2(x) x=3.5:5 12527
plot factor3d(x) dotted
legend {(+2,95) solid "Non-recursive pseudo \(*G(x)"
legend (-2,90) "1252" "Recursive pseudo \{(*G({x)"
legend (-2,85) dotted "True \(*G(x)"
s PE

w50



E. SAMPLE PLOTS AND DESCRIPTIONS

TOE D TO P BOHD FTS WD GO WS
BB g

é@@

!

i

g

i
T i
g ! i
. g
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g 8
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g
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g
§ 3
Py
%@%@E §

+PS 5 6

range x=-8.1:6 y=-80:80

define points ¢ (~7,-53) (~6,21) (~5,63) (~4,79) (~3,75) (~2,57)
(~1,31) (0,3) (1,-21) (2,~35) (3,-33) (4,-9)
(5,43)

define function(x) = x%*3 4 2%xk%2 ~ 27%x + 3;

plot histogram points dashed

plot function(x)

noplot y

o PE

51—



He SAMPLE PLOTS AND DESCRIPTIONS

70

il

60

450

+40

430

10 9 8 7 6 5 4 3 2 i

PS5 4 4

range x=10:5:0 y=0:100

marking x 1 nohash

marking y 10

define Sample barg : (0.6,30) (1.6,62) (2:6,4) (3.6,16) (4:6,63) (5.6,36)
(6e6,84) (76,26} (B.6,51) (9.6,31)

plot bargraph Sample barg width=.8 wvertical

- PE

w3 e



Ee SAMPLE PLOTS AND DESCRIPTIONS

Mommy/Daddy Sedative Set

Batteries

Junior Doctor Home Surgery Kit

Blastum Science Lab

Educational

Energy-ffficient Dollhouse

Gole Johony Be. Goode

New Old-Fashioned Bouncey Ball

Flamable Firetruck

Little Messie Juvie-Doll

T e i i

H H H

250 500 750 1000
Toyz Inc. Net Profits (in thousands of dollars)

PS8 6 4

vange x=0:1010 y=0:10

marking = 250

label x "Toyz Ince Net Profits (in thousands of dollars)”

define gross profit : (594,1) (284,2) (450,3) (374,4) (603,3)
(195,6) (320,7) (876,8) (259,9) (537,10)

plot bargraph gross profit

write (25,.5) "ittle Messie JUVl@“DOL?”

write (25,1.5) "Flamable Firetruck”

write (25,2.5) "New Old-Fashioned Bouncey Ball®

write (25,3:5) "G.To Johnny B. Goode"

write (25;4.5) "Energy-Efficient Dollhouse®

write (25,5¢5) "Educational®

write (25,6.5) "Blastum Scilence Lab"

write (25,7.5) "Junior Doctor Home Surgery Kit"

write (25,8.5) "Batteries”

write (25,9.5) "Mommy/Daddy Sedative Set"

s PR

w53



E. SAMPLE PLOTS AND DESCRIPTIONS

By Ken Revzan, LBL
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Ee SAMPLE PLOTS AND DESCRIPTIONS

PS5 6 6
range x==9:9 y=-0:9
define alpha(x) = 12 #* x;
define rosette (1)
% 3
terml = (5 * cos(alpha(t)) - 4) * cos(t);
term?Z2 = 3 % gin(alpha(t)) * sin(t);
% = terml + term2;
end:
v = ~{(5 % cos(alpha(t)) - &) * sin(i) +
3 % gin(alpha(t)) * cos(t);
plot rosette (t) t=0:603 di=.003
write 1(0,0) "By ¥en Revzan, LBL"
noplot xy
o PH,






